Purpose: The aim of this study was to evaluate the effect of epinephrine (Epi) or felypressin (Fely) contained in dental local anesthetics on myocardial oxygen balance.
INTRODUCTION
Vasoconstrictors such as epinephrine (Epi) and felypressin (Fely) are contained in dental local anesthetics to enhance anesthetic effects and to reduce bleeding of the surgical field. 1 There have been many reports that alert the use of dental local anesthetics containing Epi to patients with cardiovascular diseases. [1] [2] [3] [4] [5] [6] Fely (2-phe-8-lys vasopressin) is a synthetic hormone that has similar structure with vasopressin. 1, 7 Because Fely is not classified as a catecholamine, it had been believed to have fewer influences on the cardiovascular system than Epi. 1, 2, [7] [8] [9] Therefore, Fely has been applied to the patients compromised with circulatory diseases as a safe vasoconstrictor in Japan and European Union nations. 2, 7, 9 However, there are some reports that the clinical dose of Fely or vasopressin induced myocardial ischemia during surgery. 10, 11 Therefore, we consider that it is important to elucidate whether Fely is safer than Epi when used in patients with cardiovascular diseases.
A small dose infusion of Fely has inhibitory effects on cardiac function and causes a decrease in coronary blood flow, whereas these changes did not affect myocardial oxygen balance evaluated with calculated variables in a dog experiment. 12 This result suggests that a small dose of Fely does not aggravate myocardial oxygen balance. However, this study did not monitor myocardial tissue oxygen tension (PmO 2 ), which is a direct indicator of myocardial oxygen balance.
Agata reported that a small dose infusion of Fely decreased coronary blood flow and left ventricular inner layer PmO 2 in a dog experiment. 13 This result clearly suggests possible myocardial ischemia after the use of Fely. However, in this study, Fely was administered intravenously without a concomitant use of a local anesthetic. Therefore, it may be difficult to extrapolate these results to routine dental practices. Miyachi injected 3% prilocaine 4 hydrochloride solution containing 0.03 IU/ml Fely for dental use into the tongue muscle in the dog and investigated the myocardial oxygen balance by monitoring PmO 2 . 14 As a result, it is suggested that an injection more than 3 -6 cartridges of the solution may reduce myocardial oxygen tension. However, there is no report that compared myocardial oxygen tension after the use of clinically relevant doses of Epi and Fely under the same experimental condition with direct monitoring of PmO 2 .
In this study, we compared the effects of Epi or Fely contained in local anesthetic solutions injected into the rabbit tongue muscle on the myocardial oxygen balance by monitoring myocardial tissue blood flow (MBF) and PmO 2 .
MATERIAL AND METHODS
All animals received humane care in accordance with the Guideline for the Treatment of Femoral artery blood pressure was continuously monitored with a pressure transducer (P231D; Gould, Oxnard, California). Heart rate (HR) was recorded by a tachograph triggered by the blood pressure wave. After muscle relaxation was obtained with an intravenous administration of alcuronium chloride, rabbits were mechanically ventilated. A left thoracotomy was performed at the 5th intercostal space. A flow probe (Type 3B, Transonic Systems, Ithaca, New York) was fixed and aortic blood flow (AoF) was continuously monitored using an ultrasonic blood 6 flowmeter (T108, Transonic Systems, Ithaca, New York). A needle electrode (UHE -100, Unique Medical, Tokyo) was inserted and fixed at 3 mm depth in the myocardial tissue supplied by the left anterior descending artery. MBF was monitored using a hydrogen clearance tissue blood flowmeter (MGH -D1, Unique Medical, Tokyo). A polarographic needle electrode (POE -40 PDS, Inter Medical, Tokyo) was inserted and fixed at the same region of the myocardium with 3 mm distance from the needle electrode for MBF monitoring. PmO 2 was continuously monitored using a tissue PO 2 meter (PO 2 -100DW, Inter Medical, Tokyo). Acetated Ringer's solution was infused at 10 ml/kg/hr. Body temperature was kept 39.0 -39.5 °C using a heat lamp. All data except MBF were continuously recorded on a polygraph (Series360 NEC; Sanei, Tokyo).
After the finish of experimental preparations, 60 minutes was elapsed for hemodynamic stabilization. After the control values were recorded, 0.18 ml of the local anesthetic solution containing Epi or Fely was injected. Data were recorded 10, 20, 30 and 60 minutes after the injection. Following the final recording at 60 minutes after the injection, 30 -60 minutes was elapsed for the recovery of hemodynamic variables. Then, next series (0.36 ml and then 0.72 ml) of the observations were repeated.
One-way ANOVA for repeated measurements were used for intragroup comparisons.
Student-Newman-Keuls test was used for multiple comparisons. Student t-test was used for intergroup comparisons. A P value less than 0.05 was considered to be statistically significant.
RESULTS
HR decreased in F2, F4 and F8 groups. Systolic blood pressure (SBP) elevated in E4 and E8 groups in a dose-dependent manner. Diastolic blood pressure (DBP) elevated in E4, E8, F4 and F8 groups. Mean arterial pressure (MAP) elevated in E4 and E8 groups. AoF increased in E4 and E8 groups in a dose-dependent manner. In contrast, AoF decreased in F2, F4 and F8 groups in a dose-dependent manner ( Table 1) .
MBF increased in E2, E4 and E8 groups in a dose-dependent manner. In contrast, MBF decreased in F2, F4 and F8 groups in a dose-dependent manner (Fig. 1 ). PmO 2 decreased in F2, F4, and F8 groups in a dose-dependent manner (Fig. 2) . Reductions in MBF and PmO 2 in Fely group reached their maximums 20 -30 min after Fely injection.
DISCUSSION
In the present study, 0.18, 0.36 and 0.72ml of the local anesthetic solutions were injected to the rabbit's tongue muscle. These doses were equivalent to 2, 4 and 8 cartridges of a dental local anesthetic solution in humans weighing 50 kg by body weight correction. Two cartridges of a dental local anesthetic solution were frequently used in routine dental practices. In addition, 4 -8 cartridges were possibly used in oral surgery such as in dental implant or periodontal surgeries.
Therefore, present experimental situations may be relevant for clinical dental practices. SBP, DBP, MAP and AoF increased in a dose-dependent manner after Epi administration.
These changes were attributable to positive inotropic effects of Epi. 15, 16 Tachycardia induced by isoflurane 17 might in part blunt HR increase after Epi administration. After Fely administration, SBP and MAP did not change, whereas DBP increased. HR and AoF decreased in a dose-dependent manner. These changes were attributable to the inhibitory effect of Fely on cardiac functions 12, 18 and peripheral vasoconstriction 14, 19, 20 induced by Fely. In addition, vasoconstricting effects of prilocaine 21 might in part contribute to the increase in DBP.
MBF increased after Epi administration, whereas it decreased after Fely administration. At the same time, PmO 2 did not change after Epi administration, whereas it decreased after Fely administration. Although myocardial oxygen consumption increases through cardiac acceleration by Epi 15 , it may be compensated by an increase in myocardial oxygen supply based on the MBF increase. No change in PmO 2 suggests that myocardial oxygen balance was preserved after Epi administration in the present study. In contrast, cardiac work was apparently reduced by decreases in HR and AoF after Fely administration. If MBF decrease was relative to the reduction in cardiac work, PmO 2 would be maintained throughout the study. However, PmO 2 showed a dose-dependent decrease, which suggested deterioration of myocardial oxygen balance.
It is therefore suggested that the decrease in myocardial oxygen supply based on MBF decrease through the coronary vasoconstriction by Fely [12] [13] [14] exceeded the decrease in myocardial oxygen demand based on cardiac depression by Fely. 12 Ten percent decrease of the control value in PmO 2 produces functional disturbance of the heart 22 , and 40% decrease in PmO 2 increases the risk of ventricular fibrillation. 23 In the present study, the maximum decreases in PmO 2 were about 6, 11 and 24 % in F2, F4 and F8 groups, respectively. Therefore, it is suggested that the use of 4 -8 cartridges of a dental local anesthetic solution containing Fely may reduce myocardial oxygen tension and increase the risk of ventricular arrhythmias. These results agree with previous studies reporting that the use of more than 3 -6 cartridges in humans may reduce myocardial oxygen tension. 14, 18 In the present study, PmO 2 was maintained after Epi administration. However, increases in SBP and AoF are necessarily followed by the increase in myocardial oxygen consumption and may reduce myocardial oxygen tension in the patients with cardiovascular diseases.
Rabbit was used to evaluate myocardial oxygen balance as an experimental animal in the present study. Rabbit have few collateral coronary arteries, which are similar to those in humans. 24 In the present study, PmO 2 is continuously monitored at 3 mm depth in the myocardial tissue. Although the deeper sub-endocardial region might be more prone to myocardial ischemia 25 , it was difficult to fix the needle electrode at this region because the thickness of the left ventricular myocardium was 4 -5 mm. Potential risk of electrode penetration into the left ventricle must be avoided.
In the present study, control value in PmO 2 at F8 was larger than those at F2 and F4. However, the difference was only 3 mmHg, and should minimally affect the results. Control value in MBF in F4 was larger than that at F8. However, PmO 2 at F8 was well preserved and 10 slightly higher than that at F4. Therefore, it is suggested that myocardial damage after prolonged Fely infusion might be minimal.
In conclusion, Fely decreased PmO 2 and aggravated myocardial oxygen demand /supply balance after a routine dose injection of dental local anesthetic solution. Fely cannot be applied more safely to the patients with cardiovascular diseases than Epi. SD: stan dard deviation. HR: heart rate, SBP: sy stolic blood pressu re, DBP : diastolic blood pressu re, M AP: m ean arterial pressur e, AoF : a ortic blood flow, MB F: m yoca xygen ten sion. , P < 0.05 vs. resp ectiv e contr ol. , P < 0.05 vs. MB F control v alue in F4. , P < 0 .05 vs. PmO 2 control values in F 2 an d F4. 
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